Abstract-we perform numerical simulations to study spatiotemporal distortions in noncollinear optical parametric chirped-pulse amplifiers under different amplification conditions and show that pulse front tilt is always present.
Noncollinear optical parametric amplification has been established as an attractive technique to amplify broadband pulses, in particular, in the development of high peak power, high intensity laser sources. It is often desirable to achieve maximum possible intensity at focus which strongly depends on spatiotemporal aberrations or distortions. In noncollinear optical parametric chirped-pulse amplifiers (NOPCPAs), the distortions are inherent due to the noncollinear geometry.
In this work, we studied spatiotemporal distortions in NOPCPAs with 3-dimensional numerical simulations. The numerical code Sisyfos [1] has been used to simulate the amplification process. The attention is focused on the impact of different beam sizes and noncollinear angles on spatiotemporal distortions. The amplifier is simulated for a range of noncollinear angles around an angle for which the amplification bandwidth is maximum (known as magic angle). The simulations are repeated for different beam sizes keeping other parameters constant. After amplification, the complex electric field of the signal has been analyzed to characterize the spatiotemporal distortions. For the sake of simplicity, only the first order distortions such as pulse front tilt, spatial chirp and angular dispersion are considered.
A NOPCPA in Type I phase-matching (oo-e) has been considered with a 2.5-mm BBO crystal where the pump and the signal wavelengths are 515 nm and 850 nm respectively. The broadband phase matching in non-walk-off compensation geometry implies that the pump and the signal propagate at an angle of 24.45° and 21.95° respectively with respect to the optical axis of the crystal. For completeness, the parasitic second harmonic of the signal and idler are also included. The profiles of the pump and signal are assumed to be Gaussian. For each beam size of the pump, the peak intensity is kept constant at 25 GW/cm², varying the pulse energy. The pump pulse duration is 1 ps (transform-limited) at full width at half maximum (FWHM), whereas the signal pulse with broad bandwidth supporting 10-fs pulses is stretched to 600 fs at FWHM. The given set of pump parameters along with the crystal length were chosen to avoid deep saturation and keep higher order distortions minimal, which will be the subject of a future study. Sisyfos calculates the complex electric field of the amplified signal in three dimensions (x, y and t). Only the transverse coordinate in the walk-off plane has been considered where the distortions dominantly occur. Then, the intensity profiles of the amplified signal in x-t domain and in the corresponding frequency domain are used to calculate the pulse front tilt and the angular dispersion respectively. The pulse front tilt is found to be substantial for all beam sizes c.f. Fig. 1(a) , even at the magic angle, unlike the vanishing angular dispersion-induced pulse front tilt [2] c.f. Fig. 1 (b) . The significant pulse front tilt even in the absence of angular dispersion is due to the simultaneous presence of spatial chirp and temporal chirp as pointed out in [3] . Moreover, there is a large variation of pulse front tilt of the signal with respect to the pump beam size. This is mainly due to the spatial walk-off and the angular dependence of the gain which dominates for smaller beam size. These results help to optimize NOPCPA design in order to maximize the peak intensity by minimizing the distortions.
